Despite extensive clinical research in non-small cell lung cancer (NSCLC), overall survival is still poor. Racotumomab-alum is an anti-idiotypic cancer vaccine that targets NeuGcGM3 tumor associated ganglioside. The aim of this study was to evaluate safety and efficacy of racotumomab-alum in advanced NSCLC patients with progressive disease. This expanded access program included 86 histologically confirmed NSCLC patients, 18 years or older age, with advanced disease and without therapeutic option, with ECOG performance status ≤3, adequate organ functions and signed informed consent. The primary endpoint was overall survival and toxicity was measure assessed treatment-related toxicity according CTCAEv3. The study was approved by ethical review boards of participant institutions. Racotumomab-alum treatment consisted in 5 biweekly intradermal doses (1 mg/mL) during the induction phase of treatment (2 months). The maintenance phase consisted in monthly re-immunizations until unacceptable toxicity or PS worsening. The median overall survival time of all patients treated with racotumomab-alum was 8.96 months. The survival rates at 12 and 24 months were 42.8% and 28.0%, respectively. Patients that completed the induction phase of treatment (five doses or more) reached a median OS of 12.1 months. The most common adverse events were injection site reaction, bone pain, cough and asthenia. Racotumomabalum cancer vaccine could be considered an effective and safe treatment option as second-line * First share authorship. # Corresponding author.
Introduction
Lung cancer is still the leading cause of cancer death worldwide. About 228,190 new cases and 160,000 deaths were estimated in United States for 2013 [1] . In Cuba, lung cancer is the first cause of death by cancer and 5097 deaths were reported in 2012 due to this. The mortality rate for lung cancer was 58.0 in men and 32.5 in women (per 100,000 habitants) in 2012 [2] . The incidence rate of lung cancer in 2009 for males was 42.2/100,000 population; while in females was 18.5/100,000 per habitants [2] .
There are two major types of lung cancer according its biology, therapy and prognosis: non-small cell lung cancer (NSCLC) and small cell lung cancer. NSCLC represents more than 85% of all lung cancer diagnosis with adenocarcinoma subtype leading this subgroup. Common symptoms of lung cancer are cough, dyspnea, weight loss and chest pain. An early detection of this disease can decrease the mortality rate and improve patients' outcomes. Some prognostic factors are predictive of survival: early-stage at diagnosis, female gender, good performance status and no significant weight loss [3] .
Despite the wide clinical research in the last years, only 15.9% of lung cancer patients are alive 5 years or more after diagnosis [4] . Platinum-based doublet chemotherapy is still considered the best choice as front-line treatment and median overall survival time with these combinations is about of 8 to 11 months [5] . Several drugs have been approved for second-linetherapy: docetaxel, pemetrexed and erlotinib. In selected patients, these drugs produce response rates of 7% -15% and median survival time of 5 -8 months [6] - [8] . A significant clinical benefit has been reported in terms of progression free survival (PFS) and overall survival (OS) with the introduction of maintenance strategies (continuation or switch maintenance) in non-progress or patients [9] . However, the subset of patients with progressive disease still has a poor prognosis and we need to identify new treatments in order to improve outcomes.
Immunotherapy has been identified as a useful strategy for cancer treatment. Several approaches have been tested with the aim of stimulating the immune system to develop an effective antitumor response. Gangliosides, in particular NeuGcGM3 are attractive targets for cancer immunotherapy, since they are over expressed in tumoral cells but not in normal cells [10] [11] . A Japanese group has recently reported that NeuGc-containing gangliosides are expressed in more than 90% of NSCLC patients [12] .
Racotumomab-alum is an anti-idiotype vaccine composed by a murine monoclonal antibody and alum as adjuvant. It is able to induce a specific immune response against NeuGcGM3 in vaccinated cancer patients [13] . Immunogenicity and efficacy of this vaccine have been tested in phase I clinical trials that included patients with melanoma, breast cancer and lung cancer (small and non-small cell lung cancer) [14] - [18] . Recently, a significant benefit was reported in terms of progression free survival and overall survival in a phase II/III clinical trial with 176 NSCLC patients treated with racotumomab-alum or placebo as switch maintenance therapy [19] . There are two ongoing phase III clinical trials with racotumomab-alum for advanced NSCLC: PROACTIVE (clinicaltrials.gov NCT01460472) and RANIDO (rpcec.sld.cu RPCEC00000179).
The objective of this article is to describe the safety and efficacy of racotumomab-alum cancer vaccine as second-line treatment for advanced NSCLC patients included in an expanded access program.
Patients and Methods
A total of 86 histologically confirmed NSCLC patients were included in a multicenter expanded access program with racotumomab-alum cancer vaccine as second-line treatment. Eligible patients were 18 years or older, with advanced NSCLC (6th edition AJCC staging system) and progressive disease without therapeutic alternative that signed the informed consent, with an Eastern Cooperative Oncology Group performance status (ECOG PS) ≤3 and adequate renal, haematologic and hepatic functions. Were excluded patients that had received previously racotumomab-alum treatment, patient that were pregnant or breast-feeding, known history of severe allergic reactions or patients with uncontrolled chronic diseases.
Included patients received five biweekly intradermaldoses of racotumomab-alum vaccine (1 mg/mL) during the induction phase of treatment (2 months). The maintenance phase consisted in monthly re-immunizations until unacceptable toxicity or PS worsening. Treatment was administered beyond progressive disease. The primary endpoint of this study was overall survival.
In order to evaluate the efficacy, the overall survival (OS) was taken into account as a primary endpoint of response and secondary endpoint was the survival rate at 12 and 24 months. Survival curves were estimated by the Kaplan-Meier method. The median and mean of survival were also estimated. Groups of more than 5 doses and fewer than 5 doses were compared by Log rank test. We also evaluated treatment-related toxicity as a secondary endpoint. Adverse events (AE) were classified according Common Terminology Criteria for Adverse Events version 3 (CTCAEv3).
This study was approved by ethical review boards of each participant institutions and was conducted in compliance with Good Clinical Practice guidelines. All included patients provided written informed consent before enrollment.
Results
Between April 2008 and December 2009, 86 patients with advanced NSCLC were recruited in four Cuban hospitals. All of them were included in the intent to treat (ITT) efficacy analysis. Patient's baseline characteristics are shown in Table 1 . The median age was 62.4 with a range from 41 to 81 years. There was a predominance of male patients, white race, PS 0-1, squamous cell carcinoma histology, and clinical stage III-IV. Eighty-three % of included patients received platinum-based chemotherapy and 58% radiotherapy as first-line treatment according NSCLC treatment guidelines recommendations. In the ITT efficacy, analysis the median overall survival time was 8.96 months for vaccinated patients. The survival rates at 12 and 24 months were 42.8% y 28.0% respectively (Figure 1) .
In order to assess the clinical benefit in patients that completed the induction phase, we performed a per protocol analysis selecting those with five or more doses of racotumomab-alum vaccine. In this group, the median OS was 12.1 months compared to 2.06 months in patients with less than five immunizations. There is a significant clinical benefit in terms of OS (p = 0.000) for patients that completed the induction phase of treatment schedule (Figure 2) .
Two hundred and fifteen adverse events were recorded in vaccinated patients. The most frequently described adverse events were injection-site reaction (23.2%), bone pain (7.9%), cough (5.6%) and asthenia (5.6%) ( Table  2 ). Most of them were classified as mild (69.76%) or moderate (10.69%) according severity grades of Common Terminology Criteria for Adverse Events version 3 (CTCAEv3). Only 19.4% of all reported events, regardless causality, was grade 3 -4 ( Table 3) . Only 83 adverse events were classified as related to racotumomab-alum vaccine by clinical investigators. All of them were grade 1 according CTCAEv3. There were not deaths related to the study treatment.
Discussion
In our study, advanced NSCLC patients treated with racotumomab-alum as second-line therapy achieved a median survival time of 8.96 months compared with the results of other drugs in this setting. A median survival time from 5 to 8 months has been reported with registered second-line treatment options [6] - [8] . This benefit in OS is greater if the patient can complete the induction phase of vaccine therapy, because it is necessary time and frequent re-immunizations to develop an efficient antitumoral immune response. In the per protocol analysis those patients reached a median OS of 12 months, similar to the OS reported with maintenance therapy in nonprogressor patients [9] .
Other vaccines have been tested in NSCLC patients without encouraging results. Recently, two cancer vaccines have failed increasing overall survival in phase III clinical trials: Belagenpumatucel-L (Lucanix) and L-BLP25 (Stimuvax) [20] [21] . Otherwise there are preliminary results from a phase III trial of CIMAvaxEGF that suggest an improvement in overall survival of vaccinated patients [22] .
Racotumomab-alum treatment is safe. All treatment-related adverse events are mild and there are no deaths related to vaccine. This benefit in terms of safety could be an advantage compared with chemotherapeutic agents, since the vaccine could be administered for long treatment periods in order to control NSCLC as a chronic disease. Even when our results come from an expanded access program without a control group, we think that this vaccine could be a treatment option for patients with progressive disease. This hypothesis will be confirmed with the result of RANIDO trial where racotumomab-alum is being compared with docetaxel in this scenario.
